Resumo: Neste trabalho apresentamos um breve panorama da evolução histórica dos métodos de campos oscilatórios sucessivos desenvolvido por Norman Ramsey. Apresentamos as diferentes maneiras de utilizar o método utilizando como exemplo os padrões de tempo e frequência, desde os padrões de feixe térmico até os padrões ópticos. Os progressos científicos e a implementação tecnológica atingidos pela parceria entre USP-SC e INMETRO são apresentados na caracterização de cada padrão de tempo e frequência.
INTRODUCTION
Normal F. Ramsey was one of the 1989 Nobel Prize awarded "for the invention of the separated oscillatory fields method and its use in the hydrogen maser and other atomic clocks" [1] .
Ramsey started to work on Rabi's group at Columbia University in 1937, right after the invention of molecular-beam magnetic resonance. The Rabi's method setup employed a uniform magnetic field provided by a single coil in which atoms and molecules passes through. When a correct RF is applied to the coil, the nuclear spin of an atom flips. The spectral line width in Rabi's resonance is a function of the time of flight throughout the coil, so the longer the travel time the sharper the spectral line.
After joining Harvard University in 1947, Ramsey started to design his new molecularbeam magnetic resonance apparatus. He faced the challenge of maximizing the spectral resolution, initially by making the RF coils as long as possible to obtain uniform magnetic field, but it became extremely hard goal to achieve.
Inspired
by the Michelson stellar interferometer, that has almost twice the resolution of a single mirror telescope, Ramsey discovered that using two coils to apply an oscillatory field to the atoms, the resolution of the spectral lines would be twice the resolution obtained in Rabi's method [2, 3] .
In this article, we will present a brief overview of the method of successive oscillatory fields developed by Norman Ramsey, its application on the main atomic clock models for primary standards of time and frequency, and its importance on other physics experiments. As illustration, we present the progress of scientific development and technology implementation at IFSC-USP and INMETRO.
THE RAMSEY METHOD
Ramsey developed a method that instead of applying a coherent field over a period of time T, as in Rabi's method, the atoms are prepared on an initial state and enter the region of interaction on the time t = 0 and interact with a microwave radiation during the time . After t =  the atoms passes throughout a microwave-free region and its quantum state evolves freely during the time T. Finally, on t =  + T, the atoms interact again with the microwave field during a new period of time . In each region of the microwave field, the atom feels a /2 pulse (figure 1b). At the end of this process, with the right condition of microwave frequency and field power that maximizes the transition probability, the atoms must be at the upper level of the fundamental state. Parallel to the region of the oscillatory field there is a static magnetic field (C-field) that permits to lifted the degeneracy of the hyperfine ground state. After that, the atoms pass through a detection system that measures the transition probability by counting the number of atoms in the upper level of fundamental state.
The temporal separation between the oscillatory fields can be achieved by a spatial separation of the two field interaction regions (e.g. Cesium atomic beam and Maser), or by the interaction with the field in the same spatial location, turning on and off the oscillatory field (e.g. Compact atomic clock and Optical clock), or making the atoms to pass twice the same region (e. g. Fountain clock).
PRIMARY STANDARDS OF TIME AND FREQUENCY
The BIPM establishes the hyperfine transition
of the non-perturbed Cesium (Cs) fundamental state at the microwave frequency region (9.192631770 GHz), as the definition of the second (figure 1a).
The primary standard of time and frequency possess the best possible accuracy and stability and it finds application on local representation of time scales, telecommunications, base stations for satellites, geolocation, among others, emphasizing the economic impact of the methodology developed by Ramsey, which gave rise to the atomic clock technology.
Cesium atomic beam
Most of the frequency standards in operation around the world are commercial Cs atomic beam clocks employing magnetic selection, although it is difficult to characterize it metrologically and to correct all uncertainty factors. For this reason, the assembling of an optically pumped Cs beam clock allows a complete metrological characterization and an accurate and stable operation [4] .
The atoms are optically prepared to put the most part of the atoms on the |3 ⟩ state. These atoms passes through spatially separated oscillatory fields (figure 1b) and the Ramsey spectroscopy is performed, obtaining the interference pattern shown in the figure 1c. Locking the microwave frequency at the maximum of the interference pattern allows operating it as a primary frequency standard and a local atomic clock.
Compact atomic clock
The Compact atomic clock is an evolution of the thermal beam that uses a magneto optical trap to cool the atoms down with laser radiation. Figure 1d shows a setup of the compact atomic clock. The atoms are prepared as described for Cs beam at section 3.1. In sequence, the magnetic field is turned off and the Ramsey spectroscopy is applied by turning on and off the oscillatory field, as discussed in section 2.
The compact clock Ramsey interferometric pattern is presented in figure 1e . It is possible to observe an improvement on spectral resolution compared to the Cs beam [5] .
The main advantage of this setup is its compact size compared to the thermal beam clock, allowing its use at base stations, satellites and for high performance signal dissemination.
Fountain atomic clock
The fountain atomic clock also uses cold atoms to measure the hyperfine (clock) transition [6] . The process of trapping the atoms is similar to the method described for the compact clock, the difference being that it follows a ballistic trajectory concept introduced by Zacharias [7] .
After preparing the atoms on the state |3 ⟩ the cold atoms are launched up vertically with a speed of a few meters per second and passes through a region of oscillatory microwave field for the first time in a time period . The gravitational force slows the atoms down until them fall back, and after a time period T, some atoms passes again at the same region of oscillatory microwave field by another time period  (figures 1f and 1g ).
OTHER FREQUENCY STANDARDS

Hydrogen maser
The hydrogen maser has achieved the most widespread use and its stability, for periods from about 10 s to a day, is superior to Cesium (Cs) clocks.
The atomic hydrogen maser uses a transition between two ground state levels
of atomic hydrogen, with a frequency separation of 1.42 GHz. The atomic hydrogen (H) is produced in an intense electrical discharge from the molecular hydrogen gas (H2). The atoms emerge from the source and the |F = 1> state will be focused onto the small aperture of the storage cell.
Hydrogen maser can be operated with the microwave power confined in two small cavities that function as a separated oscillatory field device (Ramsey's method). Due to the large size of the storage cell, there are longer storage times and less frequent wall collisions, so the resonances are narrower and the wall shifts are smaller than for a normal hydrogen maser.
Hyper-Ramsey
The natural evolution of these atomic clocks is to measure optical range frequencies at THz. Even at this new domain, Ramsey method can still be of assistance. Single laser pulse techniques are similar to Rabi spectroscopy and multiple pulses techniques can be related to Ramsey spectroscopy, offering several ways to manipulate some frequency shifts present in the excitation, interrogation or detection systems. The HyperRamsey spectroscopy scheme is based on timeseparated pulses that can have different time widths, frequencies and phases and the spectroscopic signals can be manipulated due to interference effects. The interferometric pattern is present under some conditions and the capability of reducing frequency shifts is important for uncertainty characterization of high precision optical clocks.
CONCLUSION
It is interesting to note that, due to the different constructive characteristics, the time T between the oscillatory microwave fields is bigger at Fountain clocks, followed by Compact Clock and then by the Atomic Cs Beam and thus the spectral resolution and accuracy are better at the same order.
